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IlTLEOEJmE^^^ CATION CHANNEL 

— cii^ioRlDENTIFYING PARA CA 

MODULATORS 

« deposing phase of the ^ ceUs 

signaling in neurons, muscles a™ of Excitable Membranes 

Viewed by Mite. 19 »"™ m Ltcharacterization of voltage- 
10 (Sinauer, Sunderland, MA)V J*™*™ of nssues indicate that they all 
activated sodium channels from a van y ^ g fro m 

contain a single alpha subum of ^molecular E ^ 
230,000 to 300,000 (revewed Channels. Physiological 

biochemical and molecular sodium channel deduced 

Wty«™^ rf B B f Bl ^SSffi. The purified 
from cDNA sequence ^r,,^ Jl . ^ forros a . 



from cDNA sequence. Nature, 3 ~" alpha subunit forms a 
iissSm ^Si SS Sms i S. sodium *»»J a si „ le a i pha subunit 

(Rosenberg, R.U « <■'•■ 9 * ^leaiaBh^ stoaiiatt'votoge- ' 
,243). The cDNA encodmg ^J^^NAs encoding three 
activated sodium channel was voltage -activated sodium 

25 distinct, bu, highly homol°gou rat brarn^ structure of ra. brain 
channel genes (Kayano et al., ^ 8 °;/ cDNA ' sequ ence, FEBS Lett. 
sodium channel ID ^^^^-.^2). Biochemical 
228:187-194; Noda el at., 198 6 "<" u , s flom ra , brain ind.cate 
analysis of voltage-activated — ^ ovalentlv with a betal subum. 
30 mat ft. alpha subuni.s are a socked no ubunit (33 ,000 kDa) 

(36,000 kDa) and are disulf.de (Ha rtshorne and Catterall, 

Ihich is no, required for <^ the sodium channel from 

1981, Purification of the saxitoxu. rec p 624; H a rt shome and 

„, brain. Proc. N«J. Sc. - ■ 
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Catterall 1984, The sodium channel from rat brain. Purification and 
ubu,,, c rion . j BM Chem 259;)667 . I675; - «- 

E^L * m reCef>,0r ° f * e "*»» channel f ™> * brain 

5 f^9 M n0 ^ entiCal bC,a SUbUni,S - J - Bi °>- C """- 257: ™88R- 

5 13891 , Nlesssner a„ d Catterall, 1 985, The sodium channel from rat 

260. 1 0597- 1 0604). RNAs transcribed from cDNAs encoding alpha 
subumts of mammaliam voltage-activated sodium channels^ sufficient 
-o ta the synthesis of functional sodium channels 
10 ^noous oocytes (Auld e, al., , 988. A ra, brain Na + cham.eS 

m.'.'J " 0 ' Chang es msod ' ln " *annel gating produced by point 
mutanons m a cytoplasmic linker. to>„c, 250:688-691; Noda c , „/ 

cHNa ! I *' aA l988 ' Fu »«i°nal expression of cloned 

Ahh I , ^ S ° d,Um ChannCl m - Ff * 5 228:195-200) 
channef, £ ian voltage-activated sodium 

oocTe ' h K C • ,0 , enC0<te filnCti0nal S ° dium channels in 

25 S-^r B1 SUbUn " ° f ^ « brain S ° di - ch —>- Science 

eh*™,, h Bioch f "I ical characterization of insect neuronal sodium 
channels has revealed that they contain an alpha subuni. of molecuUr 
weigh, rangtng from 240.000 to 280.000. bu, they .ack any covalen, y 
hnked ^ subunjts (Gordon £ , ^ , ^ ^^.^ ChaL.cte^a" on 
30 of Insect Neuronal Sodium Channels. Archives of Insec, Bioche^Z 

ZoZlT* y , 22A1 " 53) - Pa " ia ' ™ A sequences from the ^7 
^sorJula rr^ansgasiet presumed to encode voltage-activated sodium 
channels were unt.ally identified on the basis of homology to verteZe 
voltage-acvated sodium channe. a.pha subunits (Salkoff „ a , m? 
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Genome organisation anddeducec^ SS- 
sodium channel genes in ^^^J^ homologous «o the eel 
al . 1987, isolation of MrtU* *%%&V2**&* Ramaswami and 
sodium channel gene. Proc. Jpn. • ^^j^. jmpijcations 
Tanouye, 1989, Two sod.um-chanr £ gene >n ™^ 2079 . 2082) . 
for channel diversity. Proc. determined that the paralytic 

Using a molecular genet.c d sodium channel 

(p^) locus taDxe^e^^ 

) (Loughney el al. 1 989, Thackeray and 

channel gene in Qmoftllfr > ^ ^ tive sp „ c j„g 

Gane,zky 1 — 6 %Z SStp- sodium d - - isoforms - 

generates a complex array 

J. Neuroscience > 4;2569 - 257 °>;. me DBaaphjia tipE locus encodes 
» It has been proposed that the u • 

channels for the followvng J" 5 """ < '30^0% in ripE mutants 
voltage-activated sodium channels » "^J^*^ decreaseS 
(Jack son c, al. 1986, The ,ipE ^nTaffecting nerve 

2 0 ^*^^?? N ££Z£. 3:»-l-7>. (2) sodium current 
membrane «c.tab.l.ty _ J_o/^ New £ from ,, pE 

density is reduced 40-50% m cu'tu c , ^lysis of 

rnutants (OT>owd and AUlnch, Neurons . J. of 

Sodium ?^^£^ (3 ^^.n»«*. exhibit 
25 N«r«sciCT«, 8:3633 3643,, 'i,'e snecific manner (Ganeuky 1986, 
unconditional lethal«y m an alWe ^ Sodium 

Neurogenetic analysts of BOS**^ Nerve Conduction in 

Channels: Synergistic Effects on ^^7^. 3:19-31; Jackson « 
Double Mutants involvmg npE .J. J saxitoxin binding 

30 al. 1986, The iip£ mutat.on ° ,I»^r ^ membrane 

and interacts with other mutattonsaff ecnng n ^ ^ ^ ^ are 
excitability. 7. 3J-17M ^ ^ ^ , 994 , Molecular 

expressed in the ^^.'^daD affecting sodium channels m 
and genetic analysis of tipt.. a muu. 
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cSS' A Pre ™ a ," he 35,h AmM BlMU Research 

SfS^? te -, 1994, Chica8 °- n,inois: Hon * "* < - 5anet2lt y 

1994, Spatial and temporal expression patterns of two sodium channel 

5 ssf-' N r°* cie ™' ^••5,60-5,69), ( 5) ,^:"rci . 

r,"! aC ' d,C P ° ,e,n wuh * P«'ative membrane spanning domains a 

TZ^T, T ° 8y ^ " y °* er ion channel «*»*• (Hall™" 
1994, Molecular and generic analysis of tipE: a mutation affect 

^,um channels in r^bib. Presented at ^ 35m 

DmSflEbjla Research Conference, April 20-24 1994 Chi™ in- 
> Hall and Fene 1994 The ,/„*• iJ a I ' a,,ca S°- H'mois; 

reouired durif „ hT , P 00115 defmes a novel membrane protein 
48ft annual Zt£ 7T"e '° reSCUe adU " * a " lysis - ^"'ed « *e 
7 n T£3 S > m ? ° f Genera ' September 
been ctonedl^ Massachuetts). The Dro^hjla „»£ lo cus has 

been cloned and sequenced but the nucleotide and amino acid sequence 
of UpE are presently undisclosed (Hall e, al. 1994, Molecular Z 
genet* analyse of ti pE: a mutation affecting sodium channels to 

cSnt ITT^ 35 * AnnU! " Research 
Conference, Apnl 20-24, 1994, Chicago, Illinois; Hall and Feng 1994 
The UpE locus defmes a novel membrane protein required durmY 
^e opmen, to rescue adul, paralysis (para). Pre sented at rheT4 

SUMMARY QFTHF nyypjvrp ^, 

.h a .f. . V s "" 8 3 recombinan < expression system, it has been shown 
that functional expression of Vmsmtpara voltage-activated sod"™ 
channels reqmres me co-expression of the para alpha subunh w ^£ 
apmanvefiMJa voltage-activated sodium chle. beu submit 
The electrophys.o.ogical and pharmacological properties of the 
Utassmipara voltage-activated sodium channel is disclosed 
Recombtnam host cells expressing the Dumm^para volta ge-ac.iva.ed 
sod.um channel are useful in me identification of modulators of „Z 
vo.tage-acva.ed sodium channels. Modulators of voltage-activa^r 
sod.um channels are useful as insecticides and therapeutfc agems 
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Vohage-activated * ^J^^T^S" 
species are likely to also reqmre coexpress.on 
%E homolog for functional express,on. 

Rgure , . PGR amplification and assembie of a full leng* para 
cDNA is shown. 

Figure2 - ConstructionofafunctionalfulUengm^cDNAis 

shown. 

3 *-* ^^^^^^ 

Figure 4 - Steady-state vo.tage dependence of inactivation for 
para sodium currents is shown. 

20 EEEAILED-DESCBIEIliJii^J^^^^^^^ ssion of pa r a and 

The present mvennon relattst h 

, p£ cDNAs encoding ^Bg^^S- ce.ls which 
The present mvent.on is also re ai DNAs contained in 

express the ^r™j£^%£%« invention is also related 
25 recombinant expression plasrmds P j^,^ 
t0 a method for the screening of ^ ub vane ^ ^ of 

voltage-acivated sod, ^; h f" e ' a w U previously known (Umghney c, 
para and the DNA encoding P«" were p ^ gene ,„ 

a , ,989, Molecular ^.^^im 

^ cDNA Cones are 

described herein (see Figure 1) 
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Panial DNA sequences from the insect, asssoDhiia 

a^tWd f ?",' he baSiS ° f homolo «y ,0 ve «^rate voltage- 
activated sod.um channel alpha subunits (Salkoff e, al. 1 987, Genomic 
5 orgamza.,on and deduced amino acid sequence of a putative sodTuT 
channel genes in J^pMa. Science 237:744-749; Okamoto c, 7. 987 

^el^ne^T^ 8en ° miC C '° neS '° 
Wuve 1989 T " Jp ", Acad u 63 <B)=284-288; Ramaswami and 
in I 7' , ' TW ° sodlu ™-channel gene in Drosophila: Implications 
10 for channel diversity. Proc. Nam. Acad. Sci. U.SA 86-2OT9 208 2 T 

lectin D^h-l "T? aPPr ° aCh " d ~ " W 
'ocus m ErosoDjuk encodes a voltage-activated sodium channel aloha 

subum. and the entire para cDNA sequence was determined a 

«nes of overlapping cDNA clones (Loughney e, a,. 7£ supra 

/ ray Ganet2ky I994 ' " is ™ d % apparent W those 

skilled in the art tha, a number of approaches could be used" assemble 

method? 8 *,7f NA forft -«-»al expression studies. T^esT 
methods include, but are not limited to, assembling the availiable partial 
cDNAs into a full length cDNA, using the exisiting cDNA clones to 
amnt' 1 ^ 3 ^ S ^ s ^ > ^ cDNA library to isolate a full length cDNA PCR 

Tbl shed" 0 " 3 fi "^ en6th CDNA "** ^ °" <•* 

described r UenCe ' ^ aC,Ua ' meth ° d emp '°> ed for the mention 
desenbed herein is summarized in Figure 1 and Figure 2 

25 cDNA Khr, " 18 y aPParem t0 " h0Se Skilled " «" e an *at suitable 
cDNA libraries may be prepared from tissue derived from any 

developmental stage of firflsaphiJa which have voltage-activated sodium 
char.,, actjvity or my J2msBm ^ :Z^oZ^ 

sodium charuiel activity. The selection of tissues or cell lines for use n 
preparing a cDNA library to isolate para cDNA may be done by fi™ 
30 mea unng para expression using the known para DNA sequence or 
available para cDNAs to generate a probe. 

Preparation of cDNA libraries and analysis of para 

17 w'nl 03 " * P rl r f° m,ed by S,a " dard ,echnioues w=» known in the 
art. Well known cDNA library construction techniques and RNA 
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^lysis .echoes can be «^ 
E.F., Sambrook, J., New York, .982). 

Spring Harbor of DNA and RN A can be 

Well know techniques for PCR *"P™ D.H., Sninsky. J J- White, 
IT £ St' ^«as ana Aprons (Academic 

P^, inc.. S» Die*., ^T^,^ .dd sequence of 

The nucleotide and deduced mu„ sbeen 

are presently undisclosed; ^° W ^ 6 ] Molecular and genetic analysis 
cloned and sequenced (Hall « d • I » 4. M $ ^^^^ piesente d 

of , jp E: a mutation *W-J^Sl^ 2 ^ 
a, the 35th Annual DiasfiBbjla Research «- defmes a 

,994. Chicago. Illinois; Hall and Feng '^Th P ^ ^ ^ ^ 

5 paralysis. Presented at the iistn Hofc , 

General Physiologist September 7-U, ^ ^ ^ 

Massachuetts) and was used to provide , p ^ ^ ^ g 

It is readily apparent to those sku. ^^^^^^ . £ , ocus . 
number of approaches ca. « " 

,0 These methods include, but are "°» a ', ed ^ a , ip£ mutation 
identify chromosomal «*™*%££Z t to the transcription unit 
followed by isolating a cDNA <™°™ * (as descr ibed by Hall « 
disrupted by the chromosomal « emenU ^ 

B , 199 4, sup"). j^^X « of *« ° NA 

25 transpose ^^JT^^L »d using «hvs DNA to screen 

S^tSSKS^ «-* which is enriched ta c,ones 

derived from neuronal RNAs. performed by standard 

cloning of D™^*^ r^bila molecular 
30 techniques well know in the an. Well Kn D.B., 

genetic techniques can be found for ^ampl ^ )986) 

A Practical ^T^^^^ci by standard techniques 

° f ZZ *T^»™ instruction 
well known in the an. vvc - 
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.echn lq ue s can be found for „ample, in Mania.is, T., Fritsch E F 
Sambrook J., Molecular Coning: A Laboratory Manual S Sp^ 

Harbor Labora.ory, Cold Spring Harbor. New York 1982) 

10 lte«H eil rt lllleat)WIII XSr 

polypept.de may be postradiational* modified by specific prcteolvtic 
cleavage events which resu., in fte formation of fn^ems ofTfol 
leng<h nascent polypeptide. A fragment, or physicalTssoc a *,n of 

15 sett may have *** ft,u bioiogicai z ™* z t md 

15 npE (voltage-activated sodium channel) however the dee^Jr s 

ch-e, activity may vary between J^S^t^^™ 
and phys.cal.y associatedpara and „p£ po.ypep.ide fragments ' 

may be en c n ^l y ^ ^ v ° lte S e - a «ivated cation channels 
may be encoded by a vanety of al.ernatively spliced mRNA 
20 Express,™ of die alternatively spliced para nWmayresu.. in 

SSS^S °f "7 ^ 

th. ,• c* t ■ , supra >- These lsoforms of para may not reauire 

*.e„dfd S ,o ° r bi ° l08iCa ' aC,iVity - V ^ous isofonns'ofpa™^ 
mtended I to be encompassed by the present invention provided tha.^e 
25 para .soform has the biological activity described herein. ta addln 
s ^ STT y^g-activated sodium channels may h e 

odium ^ 7 PhyS ' Cal f0mlS - 71,6 aC,ive "»» voltage-activated 
sod.um channel may extst as a complex containing bom para and ,i P E 

30 c p :s^ 

m „,K „ J Th i ee,oned '"" aa nd/,p£cDNAs obtained through the 
meAods descnbed above may be recombinant.y expressed by molecular 

oZZT ^ eXPreSSi ° n VeC ' 0r C ° ntainin8 8 SUitaWe ~r ™ 
other appropnate transection regulatory elements, and transferred 



> 8614860A1J_> 



o 

PCTA3S95/14262 



WO 96/14860 



-9 



10 



15 



and upE. lecnmqu« ^own in the art. 

between hosts SU ch as ^^^ZTco^ an origin of 
appropriately constructed "pre^n ^ * selectable markers, 
replication for autonomous replication - ^hos. , ^ ^ 

a Hmited number of useful restriction enzyme* ^ 
copy number, and active promoters. J*™?™? to DNA and initiate RNA 
equence that directs RNA f^^^^A. to be 
synthesis. A strong promote r »■ mav incU.de. bu, 
initiated a. high frequency. ^P™ specifically 
limited to, cloning vectors, modvfied clomng 

designed plasmids or viruses. „ Dression vectors may be used to 

3 80 A variety of mamma ^ ^ HB> cells . Commercially 
express recombinant para and upE .m m ^ for 

available mammalian expression ««ors wm y ^ 
ecombinant para and ^^^0505 (Stratagene), pcDNAl. 
pMAMneo (Clontech), pMC neo. P* T£ pSG5 C ^ 

, 5 pcDNAlamp, I K ^^^'^^^ r ^3p\^^^0'neo(342-12) (ATCC 

P pBPV-l(«-» ■ (ATCC 1371 10) pdBPV MM^ 37198) pSV 2 -dhfr 

37224), pRSVgpt ^ CC , 3 i 7 '^- P 7460) and 1ZD35 (ATCC 37565) 
(ATCC 37 146), pUCTag (ATCC 374W ^ use(j , 0 
A variety of bac,enauxpres )ceiis Commerciallv 

30 express recombinant P™£&£ which may be suitable for 

available bactenal express.™ ector ^ p£T vec(ors 

recombinant expression include; but are 
Novagen) and pOE vectors (Q.agen). 
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A variety of fungal cell expression vectors may be used ,n 
express recombinant para and ,i pE in fianga! cells such aTyea* 

» X for «cl a h ' able fimSal ~ may be 

5 DYES2 £ ^ nan ,' e "P ressio " ™lude, but are no, limited to 
5 P YES2 (Invitrogen) and Pichia expression vector (Invitrogen) 

A variety of insect cell expression vectors may be used m 
express recombinant para and UpE in insect cells. Conu^rdaHy 
avai.ab.e msec, cell expression vectors which may be ZZeZ 

expression "" E "** alSO te c,oned in «> -» 

expression vector for exp ress .on in a recombinant host cell. 

Recombman. host cells may be prokaryotic or eukaryotic, includin. but 
( not hm. ed to bacteria such as E. coli, fungal cells such as yea , 

bovine, porcine, monkey and rodent origin, and insect ce.k mXtin 

ATCCCRL 16I6),BS-C-1 (ATCC CCL 26), MRC-3 (ATCC CCL 
171),L-cells,andHEK-293(ATCCCRL1573). < A1 

> The expression vector may be introduced into host celk via 

any o of numbtr Qf ^ . mo** cells v,a 

transformation, transfecion, protoplast fusion, lipofection and 
electroporation. The expression vector-containing cel.s are clonal. y 
propagated and mdividually analyzed to determine whether mey 
produce para and ,ipE protein. Identification of para and ,i P E 
expressuig host cel. Cones may be done by several means, including bu, 
no t .muted to immunological reactivity with an,i-, ara or anti-„>£ S 
am.bod.es. and the presence of host cel.-associa.ed voltage-activafd 
sodium channel activity. s activated 
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a tinF DNA may also be performed 
Expression of para andapE DNA my ^ ^ ^ 

. usin g in vitro produced producing cells can 

isolated from para systems , including but not 

, oocy.es quired ""^^l^ri* coexpression 

other recombinant ho ~™ » cells include, bu. 

with «p£. SuchaU e raa.eexp re ss o»^em Hs ^ 

are not limited to, mammalian cells, insect c 

bacterial cells. E d m A se q U ence(s) that 

To detennine the para and i ,.p£ fW ^ 

5 yields optimal levels of voltage— but 
Ldium channe. protein, para the full-length open 

reading frame of the para an I ^ of the 

20 containing portions of me cDNA encodmg^ y ^ ot 

ion channel proteins or rearranged domain ^ can designe d 
alternative splice forms of para or apt.. y ^^^d region 

t0 contain none, all oi -portions of A sodium chann el 

of the para and/or „p£ cDNAs Vohag ^ de , ennined following 
25 activity and levels of protein «P^' O ;^ ati0n , of .hese constructs m.o 
me introduction, bom singly and . « o{ me para and ,ipE 
appropriate host cells. Following detenmna ( assays , these 

cDNA cassettes yielding optimal to a variety of 

par, and np£ cDNA c ° n ^ C, ^X* virus es), including but no. 
30 expression vec.ors <^»J^f^ cells, insect cells, oocytes, 
„ mi ,ed to those for mammalian : cells p & cerevisiac . 

baculovirus-infeced ^ micro i„jected oocytes may be 
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and levels of para and ,ipE protein by the following methods In the 

ZZ y T 0rm ° n P ' aSmidS - C ° Wainin S «* DNA 
ta the case of oocytes, this involves the co-injecrion of synthetic RNAs 

—nil t F °" OWing ^ aPProPria,e Perf0d ° f *»< -o ^or 
35s r P ^ em ,S ' Mtlbo,iCal| y labelIe ° ^ example 

S-meth,o„,ne for 24 hours, after which cell lysates and cell culture 
supematar,.., are harvested and subjected to immunprecipi ta. o TTu, 
po.yc.ona! anybodies directed against me para andL ,fpE pZT 

Other methods for detecting para activity involve the direct 
measurement of vo.tage-activated sodium channe. acLty in Ihole o7 
fmconated I cel.s ttansfected with para and „>£ cDNA oLoctes 
uuected w,th p™, and „p£ mRNA. Voltage-activated sodSanne. 
act.v.ty , s measured by membrane depolarization and 

toF n,.l' ■ , recombmant host cells expressing para and 
upE, patch voltage clamp techniques can be used to measure sodium 
channe. acv,,y and quantitate para and HpE protein. In the caToT 

c°aXur,o ClamP " " **° e ' eC,r0de V ° 1U,ge C '-»P Piques 
^r" e,n ^ " aC,iV " y ^ " Uantitate 



k„ ■ I;"* 15 ° f 30,1 "> £ P roteil > » host cells are quamitated 

ZaZTr?™**?* 0 ' ,igand mnity ,echni " ues - <*>« «ST 

exl^H T ^ be aSSayed f ° r 11,6 nUmber ° f molecules 
expressed b y measunng the amount of radioactive saxitoxin binding to 
cell membranes para- or «>£ -specific affinity beads or para- or UpE- 
pecrf.c ant.bod.es are used to isolate for example 35 S -methionine 
labeled or un.abelled sodium channe, proteins. Labelled,™ "d HpE 
protems are analyzed by SDS-PAGE. Uniabelled para and tipE proteins 
are detected by Western blotting. ELISA or R1A afsays emo S ' 7a 
or npE specific antibodies. 'P'°ying pa, a 

hn« Follo " in S ! "Passion of para and tipE in a recombinant 
host cell, para and ,,„£ protein may be recovered to provide para 
sod.um channels in active form. Several para sodium channel 
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purification process are ^^^ZJ^XX 
herein for purification of para ™™™**°\ T f am cond i,ioned 
may be purified from ceil '^^^ OT individua. application 
culture medium by ^^^o^. exciusion 
■SSSS ^^S^ adsorption c h romato 8 rap h y and 
hydroph obic ; — ^ canb^^ otber 

pa™, polypeptide fragments of >a" r or para s ^ ^ 

Monospecific ant.bod«stc ,parc < ™ P J lparaottip E 
mam malian antisera containing antibody reacnve j ^ 

or a« ^rj^,SSKS« ** V" 

using the technique of Konier anu . . defmc d as a single 

(197 5). Monospecific antibody as ^^^ogenous binding 
Ltibody species or Tiding as g U sed herein 

characteristics for para or r.p£. H°™°f ^ t0 a s pe ci n c antigen 
refe rs to the or as described 

0 or epitope, such as ftose a " oc,a rais ed by immunizing 

above. Para or ripE specific annbod.es ar ^ ^ 

animals such as mice, rats, guinea pigs, rabbus g concentranon of 
like , with ^bitsbemgpref^d >^ h»* P ^ 
para or fip£ either with or withou ^ ^ ^ 

25 Preimmune serum " c °»« c ^ J n abQUt 0 ., mg about 

ionization. Each animal ^^J^^Me immune adjuvant. 
,000 mg of para or ,ipB assorted wi* an a P^ 
Such acceptable adjuvants »f " t ate, water in oil emulsion 

complete, Freuntfs incomplete ahnn-pre c p« 
30 containing fMtoasnum gnsg '™ Freun( , s complete 

ionization consists o ^J^ZU (SO. intrapentonea.ly 
adjuvant at mulnple sites e.tter . ^ ferably 

m or bo*. Each ammalis Wed at «g Qr ^ 

weekly, to determine antibody titer, in 
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receive booster injection* following the initial immunization Those 
ammals rece.vtng booster injections are generally given an LuaT 

~'b°L2 ^ ta Freund ' s ™ comp,ete «^« **ZL 

route. Booster .ryecnons are given at about three week Nervals until 

nZT T are u ° b,ained - A < «*« 7 *W after each Z7ul 
unrnumzanon or about weekly after a single immunization, the animals 
are bled, the setum collected, and a.iquots are stored at a£u,! 20 T 
Monoclonal antibodies (mAb) reactive with para or twE 

> ZiTZ b J ' mmUni2in8 P^-b.y Balb/c. w^l 

or «p£ The m.ce are immunized by the D> or SC route with about 0 I 
mg to about lOmg. preferably about 1 mg, of para or ^ a^ u o, 
ml buffer or sahne incorporated in an equal volume of L accede 
adjuvant, as d.scussed above. Fteund's complete adjuvant is pmfe^d 
The m,ce receive an initial immunization on day 0 L Z Z^Z 
about 3 to about 30 weeks. Immun.zed m,ce are given one or more 
booster u^unizations of about 0.1 to about 10 mg of pTa I XL 
olufon such as phosphate buffered saline by the Lavenour ( IVWo U1 e 
Lymphocytes, from antibody positive mice, preferably sp|« Utt - 

bvTnTr ^ ° b,3ined by rem0Vi "8 from Lmunized mice 

P roce *"« known in me an. Hybridoma cells are 
produced by mixmg the splenic lymphocytes with an appropriate fusion 
partner, preferably myxoma cells, under conditions wh™ l al^ow 

are' ™™Zl S ' ab,e hybrid ° maS - ^ ^ ™ay include Z. 
are not hmited to: mouse myelomas P3/NSl/Ag 4-1- MPC-1 1- S 104 

and Sp 2/0, with Sp 2/0 being preferred. The amibod^ ^g cell, 
and myeloma cells are fused in polyethylene glycol, aoou, IC^mo, 
wt a. concentrates from about 30% to about 50%. Fused hybridoma 
cells are seized by growth in hypoxanthine, thymidine and * ™ 
™7r h n SU PP ,e ™ nled D-lbecco s Modified Eagles Medium 

olkctel f ^ " r kn ° Wn in thC an ' S "P~. fluids are 
collected from growth positive wells on about days 14, 18 and 21 and 
are -reened for antibody production by an immunoassay s'u'h as soTid 
Phase .mmunoradioassay (SPIRA) using para or„/>Fas the an, gen 
The culture flu.ds are also tested in the Ouchter.ony precipitation assay 
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ofthemAb Hybridoma cells from antibody 
to determine the ^^^Js^ as the soft agar technique 
positive wells are cloned ■ Tissue Culture Methods and 

of MacPherson, Soft Agar Techniques ™ 1973 . 

Applications, Kruse in vivo by injection of 

. Monoclonal antibodies are proo Q use , with 

about 2 x 10* to about **"^*W*>*^ ^ 
10 „ in the ait.^ o^ =S ^^ 
pur if,ed by technicues or hybridoma culture « 



^immunoa ssay (R1A) ^ -Xsue and ce.» ext^s. 

20 the presence of pa™ °' »P £ m ~^ ' ski ,, ed in the art that the 

20 It is readily apparent to those skU> . esmay be 

above described methods for P r~g J onospe > ^ 
utilized to produce polype***- °< 

activated sodium channel. _ co iumns are made by 

tTAfSel^W, a gel support which » 
30 adding the antibodies to Affigel liu me ^,,^,6* 

30 activated with N-hydroxysuccimrn de e " « s 

fonn covalen. linkages f ^^de bonds with the spacer 
antibodies are then ^ ^ then quenc „ed with 1M 
arm The remaining activated esters are 
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bv ?S M 8) ' ^ C ° 1Umn " W3Shed wi * **er followed 

a Lh h 8 yCme HC1 (P " 2 - 6) «° remove ^ non-conjugated 
anttbody or extraneous protein. The column is then equilibrated in 

i cen S ^ T d (PH ? 3) * e «" » Platan" or 

cell extracts contammg p flro and ,,>£ or only one subuni, are slowly 
passed Axough the column. The column is then washed with pZLe 
buffered sahne until the optical density (A 280 ) f aI ls to backgCd *en 
the pro.em ,s eluted with 0.23 M glycine-HCl (pH 2.6). The purified 
para or ^protein is men dialyzed against phosphate buffered" toe 

When coexpressed in ^ejiajais. oocytes para and tipE 
encode protems that produce a voltage-acrivated sodium channel that is 

"dium ch^'^T"- n ° Vel ED « voltage-act^d ' " 
sodtum channel of the present invention is suitable for use in an assay 
Procedure for the identification of compounds which modulate sodnl 
channel actw.ty. Modulating sodium channel activity, as described 
herem tndudes the inhibition or activation of the chaLel and also 
mchides Erectly or indirectly affecting the normal regulation of L 
sod.um channel activity. Compounds which modulate the sodium 
channel actwltv mciu<Se agonjsts ^ 

Arectly or rndtredy affect regulation of the sodium channel activity 
The CtosflBhilfl voltage-activated sodium channel of the ' 

source 7™°° " ***** *"» ^ nati « ^ -combinl, 
In „Z 7 ™ aSSay Pr ° CedUre W identif y rece P"» modulators 
In general, an assay procedure to identify insect sodium channel 
modulators w,ll contain thepam voltage-activated sodium channel of the 
present mven.ion. and a tes, compound or sample which contaTs 
putanve sod.um channe. modulator. Tne tes, compounds or samples 

wheat , reC * ly ° n ' f ° r eXample ' Purffied s ° dium channel protein 
whether natrve or recombinant, subcellular fractions of sodium channe" 

producng cells whether native or recombinant, and/or whole cells 

express.ng the sodium channel whether native or recombinant The tes. 

compound or sample may be added to the sodium channel in the 

modu^ ^F**?,* la, ° Wn labe " ed W Un,abe " ed S0dium c "annel 
modulator. The modulattng activity of the test compound or sample 
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compound or sample to bind t or enh ance the binding 
channel, inhibit sodium channel 1 f sodium channel 

of other compounds to die sodium .channel, ™oOr ^ 
regulation, modify an intracellular activity, 

me sodium—^ d ^ <^^ sand 

art hropods encode s« of ^ac^so ^ ^ 
,hat functional expression of the homolog homolo gous «p£ 
0 these species will also XT^n "cloned aiid charac«n«d in 
subunit. Para homologs have been, pan _y ig93 ^ockdown 

me house fly, Mussa '"f^^SStaStelde. maps to a sodium 
resistance (kdr) to DDT and pyre*™* ^ y Mol C en Genet 
channel gene locus to the housefly Mus^ ^ ^ 
15 240:17-22; Kmpple er al., 1994, lign js dium chaJine l gene 

Lecticide resistance trait and a -l^e-sensmv ^ ^ m 

to the house fly. Proc. ^"^^ ^aylor et al. 1993, Linkage 
,he tobacco budworm, H« ^» channe nocus in die 
of pvre.hroid Zolec. Biol. 23:763-775); these 

20 tobacco budworm. Insect Bw f™„ M ^ t0 tne Dtasaphila 

P ara homologs sha re »* "^^M* degree of amino acid 
miia3Ss ^ S1 para gene, "'P™* te indicative of the 

identity shared by these para homology . y 

central and functional c°nserva«on rtpara ^ w ^ 

25 insects. Furthermore, resist nee to pyre* ^ ^ m; 

/»« locus in a,, three spec, es (Ha ^ chambers (ed s.). Plenum 
ynsecricidc Ac»on, pp. 99-1 14, in e( fl( jupra . Taylor 

Press, New York; ^'"'-^JCCctionS expression of all 
« ^^"^SL. channels wil. ^ire co-express.on 
30 insect para voltage-acuv* 

The identification of *~* 
activity are useful as tosecticides - channel may be 

modulators, antagonists or agon.sts ot tn 
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used to combat agricultural pests which attack crops either in the field 
or in storage, pests tha, attack forestry stock, insects, infers in 
general, nematodes, or fungi which infec, plants anoVor aruma* Tne 

rrr e^r?„ r Hed for ^ uses as sprays - dusts - £ 

the hke either to the growmg p la„, s or the harvesfed ^ 

T^Tu T aP v. P,ymg 11,656 com P<»»«s in this mannerL known to 
diose skt Hed^u, the agricultural arts. Selective modulators, amaZis* 
or agomsts of (he msec sodium chapel may also be used in the 
prevennon and treatment of parasitic infections in humans and domestic 
animals by ecl0 ites such as ^ ^ andTe h j 

The techniques for administering these compounds to animals aid 
humans are known to those skilled in the veterinary and humanTealth 

^fbi^T"^ O0,er C ° mpOUnds ™* * usefi " fors.Zla.in! or 
mhtbttrng me activity of the sodium channe.s. Selective antagoris* of 
human sodium channels may be useful as neuro-protetive agfhTfor uie 
treatment of stroke, head injury and other ischemic events 

illustra,™ f °" OWin S exam P'^ Prided for the purpose of 
20 thereto present invention without, however, limiting the same 



EXAMPIF | 
C'ppinr of a fall | mf th r „ rn „nN^ 

PCR ^rf^""^"" 1 len Sth P ar a cDNA clones were obtained by 
PCR amphficanon of three overlapping regions of the para cDNA 
followed by assembly of a composite full length done as outlined in 
figure . A detailed description of the scheme used follows. Attempts 
to amplify the entire 6500 bp para cDNA in a single PCR reaction were 
unsuccessful; therefore, a number of para cDNA^were genera d f™ 
. series of three overlapping PCR generated fragments (Figure 1) 
Oligonucleotide primers were designed based on the knowr para cDNA 
equence (Loughney cat. 1989. Molecular analysis of the pi locus a 
sod,um channel gene in ElM*. Cell 58:1 143-1154; Thacke ay a^d 
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Ganet*y .994, ^^^tJS?^ 
generates r^£°«g3£Z>* sequences were pnmer 
J. Neurosaence 14.2569 ' ^"L-. taGaC AATGACAG 
GACTCTAGACGTrGGCCGCA^^ aagggatcg 

IS EO.ID.NO,.U. Primer 2- AAGAGCT T GTCGAGC TCT 



5 ISE0.ID NO.-.U. Primer 2- AA^GCT gtcg CT 

[SEQ.ID.NO.:21, pnmer 3- CAAATAT GATGAA 
SEQ.1D.NO.-.31, primer 4- ^^c^crrnTCACACTCAATC 
SEQ.ID.NO,.41. Primer 5- I^^^ATACTCGCGTGC" 
(SEO.ID.NO.-.51. pnmer 6- jpACTCl A ^ de „, PC R generated 

in ATCTTGG [SEQ.ID.NO.-.6]. A ™ J lated and subclone* 

into the pBluescnpt SK (+) vector V ft para cD NA 

frag men.s we« .assembled ^-«°.^ e ^ ttmative exons in the fiftt two 
clones wi* different combmano^ o 

15 Sequence analysis of the PCKg^ ucednucteot . de 

re vealed ma, they contained a number^ o ^ ^ „„„ 

substitutions resumng "~° n A ^, ODes co uld no, be used for 
protein; and therefore, ^^^Mhfe for functional express.on 
20 functional expression. A cDNA dw ^ ^ c , ones _ 

2 ™ S constructed by combunng ^^J™^ nead specific cDN A 
existing cDNA clone ■f^^^^fpCR generated cDNA 
hbrary (Loughney e, al. 1989. supra^ > ^ rf ^ parfl 

cl0 nes as outlined in ,gu ^ to confirm that it encoded 

25 cDN A insert in pGHl y- m 
a full length para protein. 

n wi clone used for functional 
A 65 1 3 bp composite para cDNA clone 
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AAAGAAATCCGATATGATXjACGAGGACGAGGATGAAGGTCCACAACCGGA 
TCCTACACTTGAACAGGGTGTGCCAATACCrGTTCGATTGCAGGGCAGCT 
5 TCCCGCCGGAATTXjGCCTCCACTCCrCTCGAGGATATCGATCCCTACTAC 
AGCAATGTACTXjACATTXXn'AGTTGTAAGCAAAGCAAAAGATATTTTTCG 
J0 CITTTXnX5CATCAAAAGCAATGTXKiATGClXIXjATOCATTCAATtX]GATAC 
<^XXjTGTGGCCATTTACATTCTAGTtK^TCCAlTATTTTCXXrrATTCATC 
^^^TTCrCGTCAACrCCATCCKATVATAATGCOGACAAOGOC 
15 CACGGTTGAGTCCACTGAGGTGATATTCACCGGAATCTACACATTTGAAT 
CAGCTGTrAAAGTCATGGCATOAGGTrrcATnTATCCCCGTrrACGTAT 
20 CTTAGAGATGCATGGAATTGGCIXK3ACTTCGTAGTAATAGCTTTAGCTTA 
TGTGACCATGGGTATAGATTTAGGTAATCTAGCAGCCC7X30GAACGTTTA 
GGGTGCTGCGAGCGCTTAAAACCGTAGCCATTGTGCCAGGCTTG AAGACC 
ATCGTCGGCGCCGTCATCGAATOGGTCAAGAAT<nX3CGCGATGTGATTAT 
CCTCACCATGTTCTXX^CGGTGTI^anTOAT^CCTACAGATCT 
30 ATATGGGCGTGCTCACCGAGAAGTGCATCAAGAAGTTCCCGCTGGACGGT 
TCCTGGGGCAATCTGACCGAOGAGAACTGGGACTATCACAATCGCAATAG 
CTCCAATTGGTATTCCGAGGACGAGGGCATCTCATTTCCGTTATGCGGCA 
35 ^ATATCC^GTGCGGGGCAATGOGACGACGArrACGTCTCCCTGCAGGGG 

TTIGGTCCGAATC^AArrATCGCTACACCAGCTrCGATrCCnTCGGATC 
4Q GGCTTTCCTGTCCGCCTTCCXK3CTGATGACACAGGACTTCTGGGAGGATC 
TCTACCAGCTGGTGTTGCGCGCCGCCGGACCATGGCACATGCIXjTTCTTT 
ATAGTCATCATCTTOTAGGTirATItrrATCTrGTCAATrTGATTriGGC 
45 CATTG7TGCCATCTCGTATGACGAATTGCAAAGGAAGGCCGAAGAAGAAG 

AGGCTCCOGAAGAGGAGGCGATACXiTCAAGCGGAAGAAGCTCCCGCCGCC 
50 AAAGCGGCCAAGCTGGAGGAGCGGGCCAATGCGCAGGCTCAGGCAGCAGC 
GGATGCGGCTGCOGCCGAAGAGGCTCCACTGCATCCOGAAATGOCCAAGA 
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^^rrrrATCAGCTATGAGCrArrrGrrGGCGGCGAGAAG 



CAACCGCAACACACU^a A ^rOACTACGAAATTOGG. 



CTGGAGTGCACCX3 A^— - • ■ AT ATGAAAGATGTGATGG 

T a T cgagcccg T c*:agacaca^^ 



30 TCCTOAATCACATCATCGAACAOGCCG 

ITCTCCGTT 

^CAAGGCACTCGAAGTO 



TTTACTATTTCCCAACAGAGGACGATGAGGAGGA 



35 TGGGCCGACGTTCAAAGACAAGGCACTCG^ o 
A^rmGTG^A^rrGCTOGG^GT^AAA ^ 

40 GTGCArTG^TCAACA^rrCA^C^^ 

45 ACCTTTGCCATCGAGGCCACCA cqtcgcCCTAT 



— — — o — o- 

WO 96/14360 



PCT/US95/14262 



15 



20 



25 



-22- 

TAATTTACTCATTTCGATTATGGGAOGCACCATGGGCXjCTTTGGGTAATC 
TGACATTTXjTACTnXiCATTATCATXTrrcATCTTTGCCMjTGATGGGAATG 
5 CAACTCTTOGGAAAGAA-ITATCATGATCACAAOGACCGCrrrCCOOATOG 
CGACCTCCCGOGCTOGAACrrCACCGACrrTATCCACAOCrrCATGATCG 
J0 TGTTC03G<TTXjCTCrGCGGAGAATGGATCGAGTCCATGT 1 GGGACrGCATG 
TACXTTGGGOGATGTCTCGTXjCATTCCCnTCrrCTTCKKX^ACCGTTGTCAT 
OCKKAATOTTGTCWTACrrAACCrrmnTAGCCTTCCITrro 

TTGGCTrCATCTAGCTTATCAGOGCOGACTGCCGATAACGATACGAATAAA 

ATAGCTGAGGCCITCAATOGAATrGGCCXSArrrAAAAGTTCGGTrAAGCG 
TAATATTGCTGATTCTTTCAAGTTAATACGTAACAAATTXjACAAATCAAA 

TAAGTGATCAACCATCAGGTGAGAGGACCAACCAGATCAGTTGGATTTGG 
AGCGAAGAGCATGCTGACAAOGAACTGGAGCTGGGCCACGACGAGATCCT 
OGOOGAOGGCCTCATCAAGAAGGGGATCAAGGAGCAGACGCAACTOGAGG 
TOGCCATCGGGGATCGGATGGAATTCACGATACACGGCX3ACATCAAGAAC 
30 AACAAGCCGAAGAAATCCAAATATCTAAATAACGCAACGATCATTCGCAA 
CTCAATTAACCACX^AAGACAATAGACrGGAACACGAGCTAAACCATAGAG 
GrrrcTCCrrACAGGACXSAOGACACrGCrAGCATrAACrcATATCGTAGC 
35 CATAAGAATOGACCATTCAAGGAOGAGAGCCACAAGGGCAGCXjCCXjAGAC 
GATGGAGGGOGAGGAGAAGOGCGACX3CCAGCAAGGAGGATTrAGGT CT CG 
4Q AOTA GGAACTGGACGAGGAGGGCGAATCCGAGGAGGGCCCGCTCGACGGT 
GATATCATTATTCATGCACACGACGAGGATATACTOGATGAATATCCAGC 
KW^OCCCCaATTCGTACTATAAGAAATrrCCGATVrrAGCCGC-K 
45 A ^^ A ^^ A ^^^CCGTTCfCCCAAGGATGGGGCAATTTACGACTGAAAACT 

TTTCAATTAATTGAAAATAAATATTTTGAAACAGCTGTTATCACTATGAT 
50 TITAATGAGTAGCTTAGCTTrGGCATTAGAAGATGTACATCTGCCACAAA 
GACCCATACTGCAGGATATTTTATACrATATGGACAGAATATTTAOGGTT 
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OTACTTCACCAACGCGTGGTO tgg A GCTGGTGGT ATTC A AGCC 

.GAGCACTGAGACCACTACGTGCCATGTC 



CGCTTATCAACTTCGTTGCTTCACTTGTTGGAG 

TTCAAGACTATGCGAACGTTAA' ctoctaCAAGCTATAC 



10 



CGTCCATCTTC AATGTGCT A 1 ataTTTTAAGTGCGAGGA 

GC^AGAGCGAGAACTACACG cACcrrcAAAOQCro 

-OC.AACCK.TAT^^ ^GG^ACAAOCAAC 

GATAC AAATCA^^^ 
CAATTCGTGAAACGAAC^TCT^ATC ^ 

^ ^^^^ 

TAATmAATCAGCAAAAGAAAA^ ^ ^ GATGGG crCr 

3! ~"^*'^^,, CIATCre „ TO c«»T.™oT.«rr« 
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GCATTAAOOACGTCTACAACTTCAAGACCrrro^AGAGWTCATCCro 

CTCTTTCAGATGTCGACGTCAGCCGGTrOGGATGGTCTACTGGACGCCAT 

5 TATCAATGAGGAAGCATGCGATCCACCCGACAGCGACAAAGGCTATCCGG 

GCAATTGTGGTTCAGCGACCGTTGGAATAACGTTTCTCCTCTCATACCTA 

IQ G7TATAAGCTTTT7GATAGTTATTAATATCn"ACATTCCrGTCATTC7XXjA 

GAACTATAGTCAGGCCACCGAGGACGTGCAAGAGGGTCTAACOGACGACG 

ACTACGACATGTACTATGAGATCTGGCAGCAATTCGATXTCGGAGGGCACC 

15 CAGTACATACGCTATGATCAGGTGTCOGAATTCCTGGACGTACTGGAGCC 

CCCGCTGCAGATCCACAAACCGAACAAGTACAAGATCATATOGATGGACA 

m TACCCATCTGTCGCGGTGACCTCATGTACTGCGTCGACATCCTCGACGCC 

CrrACGAAAGACrrCrrrGCOOGGAAGGGCAATCCGATAGAGGAGACGGG 

TGAGATTGGTGAGATAGCGGCCCGCCCGGATACGGAGGGCTACGAGCCCG 

25 ^CATCAACMCTGTGGCXn^GCGTCAGGAGTACn^CCCGGCrAATC 

CAGCACGCCTGGOGAAAGCACAAGGCOCGCGGCGAGGGAGGTCGGTCCrr 

3Q TGAGCCGGATAOGGATCATGGCGATGGCGGTGATCCGGATGCCGGGGACC 

OGGCGCCCX3ATGAAGCAACOGACGGCGATGCGCCCGCTGGTGGAGATCGT 

AGTGTTAACGGTACrOCAGAAGGAGCroCCGATCCCGATCAGAGTAATCT 

35 AAATAGTCCGGGTGAGGATGCAGOGGOSGCXiGCAGCAGCAGCAGCAGCAG 

CGGCGGCX3GCGGGCACGACOACGGCGGGAAGTCCCGGAGCGGGTAGCGCC 

40 0GG CGACAGACCGCCGrrCTCGTGGAGAGCGACGGGTrCGTGACGAAGAA 

CGGCCACAAGGTGGTCATCCACTCGC«ATCX3CCGAOCATCACGTCGCGCA 

CGGCGGATGTCTGAGCCAGGCCTOGCCCCCCCCTCCAAGATCCACGCGAG 
45 TATTAGCTCTAGA fSEQ.ID.NO.:7). 
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, . _ o^.hrtic mRNA for In Vitro or 
/» Vitro Synthesis of pom and »pE Synthetic mK» 

/B Vivo Translatiai; -7-7-— r ction of para and tipE synthetic 

The protocol for the P™<^"™ ^ in sufficte „t quantity 

to vitro by cloning double bacteriophage promoter, 

mRNA into a plasmid vector para -encoding 
Unearizing me plasmid vector <^^^^J g . DN A-de P ende„. 

Various plasmid vectors ^ « nNA-dependent 
bact erio P hage promote o = P^. 
15 RNA polymerase mcludmg " 

it may dc improve mRNA staDiiuy. 

20 terminal cap may be incorporated a, to 3' 

A cap structure, or 7-metnyigu 7. m ethylguanosine to the 

.rmmus of the ^^^U*- 
reaction mixture with the DNA « m P y terrmnus as it 

polymerase incorpor-s natura.ly occurring in 

25 synthesizes the mRNA_ ™ e P°* m e 3. teroinu s of the mRNA by 

me dna ) 3 bp doub , e s(rande ^ -^^a 

30 subdoned intothe ^^^2^- - 

m Figure 2. The pGHl ve«oj ^ rf , ^ahan K + 

vector (Liman er aU 1 992, suduh c DNAs. Neuron 

Channe. determined by -ns'n.«,o^o mu nmen ^ 
9-.R61-R71) by inserting Notl and Xhol restn 
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the unique PstI and Nhel sites ofpGEMHE (Evan Goulding and Steve 
Siegelbaum, Columbia University). The plasmid vector containing the 
cloned para-encoding DNA was linearized with the restriction enzyme 
NotI and in vitro synthesized para mRNA containing a 5" terminal cap 
structure was synthesized using either the mMessage mJViachine 
(Ambion) or mCAP (Stratagene) kits per manufacturer's instructions. 

The isolated and purified para and tipE mRNA is translated 
using either a cell-free system, including but not limited to rabbit 
reticulocyte lysate and wheat germ extracts (both commercially 
available from Promega and New England Nuclear) or in a cell based 
system, including but not limited to microinjection into Xenopii. 
oocytes, with microinjection into XsnsmR oocytes being preferred. 

Xsnopus oocytes were microinjected with a sufficient 
amount of synthetic para and tipE mRNA to produce para and tipE 
15 protein. The synthetic para and tipE mRNAs were injected into 

£enopus oocytes by standard procedures and were analyzed for para 
and tipE expression as described below. 

20 EX A MP! .F f 3 

Characterization Of para voltage-activated sodium channels in Xenonus 
oocytes 
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Xenopus laevjs oocytes were prepared and injected using 
standard methods previously described and known in the art (Arena 

K * K " PareSS ' P S - & Cu,ly ' DR MoL Pharmacol. 40, 368- 
374 (1991); Arena, J.P., Liu, K.K., Paress, P.S., Schaeffer, J.M. & 
Cully, D.F. MoL Brain Res. 15, 339-348 (1992)]. Adult female 
Xejip^laevis were anesthetized with 0.17% tricaine methanesulfonate 

™f, k^m"^ V K SUrgica,, y removed ™<* P^ced in a dish consisting 
of (mJVl): NaCl 82.5, KC1 2, MgCl 2 1 , CaCl 2 1 .8, HEPES 5 adjusted to 
P H 7.5 with NaOH (OR-2). Ovarian lobes were broken open, rinsed 
several times, and gently shaken in OR-2 containing 0.2% collagenase 
(Sigma, Type 1A) for 2-5 hours. When approximately 50% of the 
follicular layers were removed, Stage V and VI oocytes were selected 
and placed in media consisting of (mM): NaCl 86, KC1 2, MgCl2 1 
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1 5 theophylline 0.5, gentamicta 0.1 
CaCl2 1-8. HEPES 5. N> hours before 

adjusted to P H 7.5 with of p.™ RNA (50-250ng) 

18 ° C Kecordings were made *^J~^XZ&T 

^cion in standard ^oX^I^^U 
10 MgCl 2 1 . C»CI2 1 A HEPES V 0 3 ^ microelectro de 

Oocytes were votag^clam^d^g^ ^MN). Pipetteswere 

amplifier (Dagan 8W " ™^«^,vU> 0.5-3.0 MO. Tte 
fll )ed with 3 M KC1 and had „ was co „„ected to ground 

pUiglas recording chambe. ^olume » ^ ^d using the 
15 with a Ag/AgC. electrode, D °* ^./^rface (Axon Instruments, 
PCLAMP software package wrdi a 11 l ctivated sodium 

City. CA). "me ampl tude «££S&*>' » eak currenB ' * " 
'Ints were determined after ° ubtractio „ of me current in 

^dotoxm-sensitive £^ fll , e red at 2-5 kHz and 



xm-sensitive de— - at 2 . 5 «* and 

„ the presence of 30 „M .endotoxin. Data 

* ,0 0 3 ocSn3ected with «. 
pressed ^activate d of -100 mV 

elicited with 20 sec voltage steps *** sin ,ultaneously 
25 (voltage protocol dep.cted n£ 3 J*^ ^ rapid ly activating and 
expressing para and apEp otemsexn nold for current 

Jcnvanng inward f^v (n=6), and peak currents were 

activation was approximately -33 _ activated currents were 

observed a, -3 ± 2 mV (n^ ^ e f QXin ^ 3 Panels B and , C 
30 completely inhibited w,th 10 jvation wa s also examined (F.g. 

&ssssss» - — - 
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is a fit of the data to the function I-{ 1+ exp[(V m -Vi /2 )M] 1-1 where I k 

of half-maxnnal inactivation, and k is the slope factor. V 1/2 was -42 + 
1 mV with a slope factor of 5.2 ± 0.5 (n=4). " 
5 m a ^* evera ' unes of evidence demonstrate that the current 
expressed after couyection of para and tipE in vitro RNA represents 
tos^la voltage-activated sodium currents. First, the cSTT 
blocked with tetrodotoxin, a potent selective inhibitor of vertebrl I and 
invertebrate voltage-activated sodium channels [CatteraH, W A Ann 
10 Rev Pharmacol. ToxicoL 20, 15-43 (1980)]. Similar to ie para 

from nrTT CXP r Sed * the -dium currents recorded 

from Dr^oElyJa embryonic neurons are completely inhibited with 10 
nM tetrodotoxin [O'Dowd, D.K. and Aldrich^.W J Neur^s 

15 ^sSTs^ Saito * M *r Wu ' CR j NeuroscL 

h. th k u * ^ rap,d aCtiV3tion «* Activation of the current 

P T1°m VT^' fr ° m n£Urons in cu "ure 

[ODowd, D.K. and Aldnch, R.W. J. NeuroscL 8, 3633-3643 (1988V 

20 a^dWu C p d /T g ' H 7 43?9 - 4393 (1988); Saito! M 

20 and Wu, CF.7; NeuroscL 11, 2135-2150 (1991)]. Finally, the V 1/2 

and slope of the steady-state inactivation curve was very close to that 
reported for DrosophiJa embryonic neurons [O'Dowd D.K and 
Aldnch, R.W. 7. NeuroscL 8, 3633-3643 (1988)]. 
7 c Injection of the individual subunits, para or tipE failed to 

300 n g of an lnd ,v,dual subunit RNA resulted in no voJtage-activated 
.sod.um current for up ,o 8 days after injection. In contrast, after 
ccnjecnon of 150 ng of both subunits 50 % of the oocytes express 
voltage-activated sodium currents after 3 days, and 90 % on day 5 
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The protocol for the expression o p ^ 
is identical. Recombinant pa^^^^^ 

transfer of the para ex P^ ss, °" (Novagen). The pET 

out -t S the^y related 
vectors place para expression un construct into 

bacteriophage ^"o Za. copy of the T7 RNA 

described above. . ,k, -mire open reading frame for para 

The cDN A encoding the entire ope ^ in te 

positive orientation are identified I by seq ^ ^ are the „ 
Lnsform die expression »■«* on of para and «p£ protein. 

used to inoculate cultures wh o Se formulation is 

0 Cultures may be grown in M9 or 7S m , proxiro ate 

known to those skilled ,n f j* ^? °iXced with about 1 mM 

OD600= 1-5. expression of para or n P E 

1PTG for about 3 hours at 37 l~ 

25 

HiiiiimiiliilTl FTI ff 'sio n Victors 
OsmS^jma^f^f^^^-^^^ are ligated at 

Para and npE cDNA ^expres ,o m 

appropriate restriction e " d °"^ d Xg but not limited to: pcDN A3 
30 universal ^^^r^BKM^hods in Enzymol. 152: 684- 
(mvitrogen), pBC12BI CuUen B£ Me* ^ ^ 

(Clontech). 
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Cassettes containing the para and tipE cDNA in the positive 
orientation with respect to the promoter are ligated into appropriate 
restriction sites 3' of the promoter and identified by restriction site 
mapping and/or sequencing. These cDNA expression vectors are 
5 introduced into various host cells including, but not limited to: COS-7 
(ATCC# CRL1651), CV-1 [Sackevitz etal., Science 238: 1575 (1987)] 
293, L cells (ATCC# CRL6362)] by standard methods including but not 
limited to electroporation, or chemical procedures (cationic liposomes, 
DEAE dextran, calcium phosphate). Transfected cells and cell culture 
10 extracts can be harvested and analyzed for para and tipE expression as 
described below. 

All of the vectors used for mammalian transient expression 
can be used to establish stable cell lines expressing para and tipE. 
Unaltered para and tipE cDNA constructs cloned into expression vectors 
15 will be expected to program host cells to make intracellular para and 
tipE protein. The transfection host cells include, but are not limited to, 
CV-1 [Sackevitz et al.. Science 238: 1575 (1987)], tk-L [Wigler, et al ' 
Cell 1 1: 223 (1977)], NS/0, and dHFr-CHO [Kaufman and Sharp J 
Mol. Biol. 159: 601, (1982)]. 

20 Co-transfection of any vector containing para and tipE 

cDNA with a drug selection plasmid including, but not limited to G4 18, 
aminoglycoside phosphotransferase, pLNCX [Miller, A.D. and Rosman 
G. J. Biotech News 7: 980-990 (1989)]: hygromycin, hygromycin-B 
phosphotransferase, pLG90 [Gritz. L. and Davies, J., GENE 25: 179 

25 ( 1 983)] ; APRT, xanthine-guanine phosphoribosyl -transferase, pM AM 
(Clontech) [Murray, et al.. Gene 31 : 233 (1984)] will allow for the 
selection of stably transfected clones. Levels of para and tipE are 
quantitated by the assays described above. 

Para and tipE cDNA constructs are ligated into vectors 

30 containing amplifiable drug -resistance markers for the production of 
mammalian cell clones synthesizing the highest possible levels of 
para and tipE. Following introduction of these constructs into cells, 
clones containing the plasmid are selected with the appropriate agent, 
and isolation of an over-expressing clone with a high copy number 
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,., pH hv selection in increasing doses of the 
of the plasmid is accomplished by selectio 

agent * Cells are transfected with para, tipE or both par. .and tipE. 
Stable cell clones a, selected »£^^J^ and 
; appropriate selectable marker. both para and tipE 

SLn to contain L analyzed for 

genes. Clones containing the pare ran i p immune . 
Session using immun o^^^Za^ using antibodies 
precipitation, Western f oU ^ r ^^^ ho6 y is obtained from 

3H-saxitoxin binding assay '- and (ipE, stably or 

1 5 Cells ^ " P E P • „ „ f voltaee-activated sodium 

15 transiently, arc used to tes, for ^ used to ide „„fy 

channels and for ligand bmdtng tQ modu , ate , inhibit or 

on „^;io PYnressionVectsrs 

Para and npE cDN * 'j*^, vectore containing 
appropriate -^^^ST^L. "eluding but no, limited 
constituted or ^^^f^f^aracterization and use of the 
25 to: pRmHa-1 (Bunch «<>/., 1988.^" culmred c^ojjhila 
I^hila metallothionem , 6: ,«S£5«^ 
melanogaster cells. Hue «* for r^^a. P-element- 

oHentation ^^'^2^ * — — '* 

restriction sites 3 of the P ron \ expression vectors are 

mapping and/or sequencing. These cuin 
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introduced into various host cells including, but not limited to- 
Schneider-2 and Kc cells by standard methods including but not limited 
to electroporation, or chemical procedures (cationic liposomes, DEAE 
dextran calcium phosphate). Transfected cells and cell culture extracts 
cante harvested and analyzed for para and tipE expression as described 

All of the vectors used for DrosQEhjia transient expression 
can be used to establish stable cell lines expressing para and tipE. 
Unaltered para and tipE cDNA constructs cloned into expression vectors 
will be expected to program host cells to make intracellular para and 
tipE protein. y 

pnM4 . Co-transfection of any vector containing para and tipE 
cDNA with a drug selection plasmid including, but not limited to G418 
aminoglycoside phosphotransferase, [Miller, A.D. and Rosman G J ' 
Btotech News 7: 980-990 (1989)]; and hygromycin, hygromycin-B ' 
phosphotransferase, [Gritz. L. and Davies, J., GENE 25: 179 (1983)1 
will allow for the selection of stably transfected clones. Levels of para 
and tipE are quantitated by the assays described above. 

para and tipE cDNA constructs are ligated into vectors 
containing amplifiable drug-resistance markers for the production of 
D^sophila cell clones synthesizing the highest possible levels of para 
and tipE. Following introduction of these constructs into cells clones 
containing the plasmid are selected with the appropriate agent,'and 
isolation of an over-expressing clone with a high copy number of the 
plasmid is accomplished by selection in increasing doses of the agent 

^ „ , Cel,S transfected W tipE or both para and tipE. 
Stable cell clones are selected by growth in the presence of the 
appropriate selectable marker. Single resistant clones are isolated and 
shown to contain the intact para or tipE gene or both para and tipE 
genes. Clones containing the para and tipE cDNAs are analyzed for 
expression using immunological techniques, such as immune- 
precipitation, Western blot, and immunofluorescence using antibodies 
specific to the para and tipE proteins. Antibody is obtained from 
rabbits inoculated with peptides that are synthesized from the amino 
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3H-saxitoxin binding assays. 

Cells tha, are expressing para sodium 

t ransien,ly. are used .o test or "^^^X^ .o identify 
channels and for ligand bin *"f f ^ a ^ to rnod«.a,e, inhibit or 

^^sstt — as described hercin - 

pX AMPLE 6 

Cloning of para and ,ipE cDNA in.o a Bac»lovi™sExr^ 

me AcNP V v^s, are designed "J^g^,*^^ 
cDNA in the Sf9 line of insect ^^^Voduced by the 
bacu.oviruses ^^^ftSL Manual): **pa~ and 
following standard method (tavn g^ po , yhe drin 

(l>£ cDNA c — ^tv^Csfer vectors, including the 
3 promoter in a variety of bacuiov.ru Recombinant 
PAC360 and me pBloeBac vector ^""^ j< ^ 
Luloviruses are generated ^om^ogous recom^^ ^ Ac ^py 
co-transfection of the 5667 (.990), into «9 

genom.c DN A IKitts. PA, « ident ified by the absence of 

S cells. *~Z^^££gL™*. M. D. and Smith. G. E., 
delusion bodies m ^ eC ™V ulletin No . 1555) and recombman. 
Texas Agriculture B*SW£D * ^ basis of p. gala c,osidase 
pBlueBac viruses are .den rfiec Ion following 
expression (Vialard, e, al 1990, J_ V«U , jp£ 

30 plaque purification and f « ^ ° f J £ t p ression is measured by the 
recombinant baculovirus, pai a ana ripe h 

assays described herein. reading frame for para 
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positive orientation with respect to the polyhedrin promoter are 
identified by sequence analysis and used to transfect Sf9 cells in the 
presence of linear AcNPV mild type DNA. 

Authentic, active para and tipE is found associated with the 
5 membranes of infected cells. Membrane preparations are prepared 
from infected cells by standard procedures. 
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20 



25 



30 



EXAMPLE 7 

10 Clonjnp of parg and tioF rDNA into « r v Dr ession v*ptn r 

Recombinant para and tipE is produced in the yeast S. 
cerevisiae following the insertion of the optimal para and tipE cDNA 
construct into expression vectors designed to direct the intracellular 
expression of heterologous proteins. For intracellular expression 
vectors such as EmBLyex4 or the like are ligated to the para or tipE 
cistron TRinas, U. et al., Biotechnology 8: 543-545 (1990); Horowitz B 
etal.,J. Biol. Chem. 265: 4189-4192 (1989)]. The levels of expressed' 
para and tipE are determined by the assays described herein. 

EXAMPLE « 

Purification nf Recombinant para and tinF 

Recombinant^ produced para and tipE may be purified by 
antibody affinity chromatography. 

para or tipE antibody affinity columns are made by 
adding the anti-para or anti-//p£ antibodies to Affigel-10 (Biorad), a 
gel support which is pre-activated with N-hydroxysuccinimide esters 
such that the antibodies form covalent linkages with the agarose gel 
bead support. The antibodies are then coupled to the gel via amide 
bonds with the spacer arm. The remaining activated esters are then 
quenched with 1M ethanolamine HC1 (pH 8): The column is washed 
with water followed by 0.23 M glycine HC1 (pH 2.6) to remove any 
non-conjugated antibody or extraneous protein. The column is then 
equilibrated in phosphate buffered saline (pH 7.3) together with 
appropriate membrane solubilizing agents such as detergents and the 
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eel, culm* supernatant* or ceU ™ f~ ^ES ST 
or are slowly ^^^^ 
washed with *en the protein is 

,he optica) density (A280) falls to i Da g detergents. 

1 S^^^^SU — P-phate 
buffered saline together with detergents. 

pyaMPLE 9. 

0 „«it!» op-activated sodium channel 

Assay for the identification of para voltage activate 

"^^^ 

screening for modulators of *f£™ identifie d by a 

Islay' "San^oindinS assays and cel. « -^ ulations by 
monitoring rad,o.sotop.c flux .s a wen e 8669-8676 (1977); Tamkun, 

M.M. & Caterall WA Mol «™ express i„g the para voltage- 

Using transfected cell lines (see above, p , 
activated sodium channel, modu lators of „ 
activated sodium channel are isolated m ^22N»1 fluxa y ^ 
,5 format. To identify sodium ^ .X^d^ l^a! is added 
aliquoted into each well of a 96 well m . and m 

,o the culture media tes, ^P^^ ^ cornpa red to untreated 
are identified by an mcrease n l22Na] »P"* ^ ^ 
cells. Specificity is determined by ^^agonis ^ ^ identif jed by 

30 tetrodotoxin. ^^Z^S^Z^ 
screening for compounds that block [22Naj p 

of the par* vo.tage-acivated '"^^ te identified by 

Sodium channel modulators can aiso res , inB ce i| s . 

• ,h. mxicitv of Na channel activators on para expressing 
measuring the toxicity u< i 
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Sodium channel activators are toxic because prolonged activation of 
sodium channels causes osmotic lysis of the cells. Sodium channel 
blockers are detected by their ability to protect from the toxicity of Na 
channel activators (Manger, R.L., Leja, L.S., Lee, S.Y., Hungerford, 

5 J.M. & Wekell, M.M. Analytical Biochemistry 214, 190-194 (1993)). 
The assay is performed in 96 well plates and toxicity is measured by 
employing a plate reader with a membrane-impermeant reporter, such 
as ethidium bromide homodimer (the methodology is described in a 
product application note from Molecular Probes for the Live/Dead 

0 Eukolight Cytotoxicity kit). The specificity of sodium channel 

activators is determined by blocking toxicity with tetrodotoxin, a highly 
potent and selective sodium channel blocker. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

,i, applicant. **-». «^ y ^ 0 „„ dus 

Ui) TITLE OF INVENTION: PROCESS FOB FUNCTtONAL EXPRESSION OF THE 

PARA SODIUM CHANNEL 
(iii) NUMBER OF SEQUENCES: 7 
(iv) CORRESPONDENCE ADDRESS: 

UV) (A) ADDRESSEE: Jack ^ £ . Lincoln Avenue 

(B) STREET: P.O. Box 2000, 12b t. 

(C) CITY: Rahway 

{D) STATE: New Jersey 

(E) COUNTRY: USA 

(F) ZIP: 07065-0907 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy dis * 

/ \ COMPUTER: IBM PC compatible 

? OPERATING SYSTEM: ^-DOS/MS-DOS ^ 
(D) SOFTWARE: Patentln Release #1.0. 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

Cviii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Tribble, Jack L- 

(B) REGISTRATION NUMBER: 32,633 

(C) REFERENCE/DOCKET NUMBER: 19338 

(ix) TELECOMMUNICATION INFORMATION : 
UX> (A) TELEPHONE: «908) 594-5321 
(B) TELEFAX: (908) 594-4720 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO-.l: 
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GACTCTAGAC GTTGGCCGCA TAGACAATGA CAG 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
AAGAGCTCGA CGAAGGGATC G 
(2) INFORMATION FOR SEQ ID NO ; 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
TCTTCGATCC CTTCGTCGAG CTCT 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii; MOLECULE TYPE: cDNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

AAAGGATCCA AATATGATGA A 

(2) INFORMATION FOR SEQ ID NO : 5 : 

( i ) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 25 base pairs 
(E) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
TTTGGATCCT TTTTCACACT CAATC 
(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO-. 6: 
GACTCTAGAG CTAATACTCG CGTGCATCTT GG 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i , SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6513 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

— = «c«— 
ac^en cc GT cc OT >cccccc»t c^c, » TC o«c» ccc^occo 

— — — — " 

ATGGTCGCAA — " — 

.^cc TCC — ~ 

^„^ G ATArrrrrcG cttttctgca tcaaaagcaa 

TGACATTCGT AGTTCTAAGC AAAGGAAAAG ATATTTTTC 

^ c .ATCCGATAC GTCGTGTGGC CATTTACATT CT AGTGC ATC 
TGTGGATGCT CGATCCATTC AATCCGATAC ^ 



25 



32 



60 
120 
130 
240 
300 
360 
420 
48C 
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CATTATTTTC 


CCTATTCATC 


ATCACCACAA 


TTCTCGTCAA 


. CTGCATCCTG 


ATGATAATGC 


540 


CGACAACGCC 


C ACGGTTG AG 


TCCACTGAGG 


TGATATTCAC 


CGG AATCTAC 


ACATTTGAAT 


600 


CAGCTGTTAA 


AGTGATGGCA 


CGAGGTTTCA 


TTTTATGCCC 


GTTTACGTAT 


CTTAGAGATG 


660 


CATGGAATTG 


GCTGGACTTC 


GTAGTAATAG 


CTTTAGCTTA 


TGTGACCATG 


GGTATAGATT 


720 


TAGGTAATCT 


AGCAGCCCTG 


CGAACGTTTA 


GGGTGCTGCG 


AGCGCTTAAA 


ACCGTAGCCA 


780 


TTGTGCCAGG 


CTTGAAGACC 


ATCGTCGGCG 


CCGTCATCGA 


ATCGGTGAAG 


AATCTGCGCG 


840 


ATGTGATTAT 


CCTGACCATG 


TTCTCCCTGT 


CGGTGTTCGC 


GTTGATGGGC 


CTACAGATCT 


900 


ATATGGGCGT 


GCTCACCGAG 


AAGTGCATCA 


AGAAGTTCCC 


GCTGGACGGT 


TCCTGGGGCA 


960 


ATCTGACCGA 


CGAGAACTGG 


GACTATCACA 


ATCGCAATAG 


CTCCAATTGG 


TATTCCGAGG 


1020 


ACGAGGGCAT 


CTCATTTCCG 


TTATGCGGCA 


ATATATCCGG 


TGCGGGGCAA 


TGCGACGACG 


1080 


ATTACGTGTG 


CCTGC AGGGG 


TTTGGTCCGA 


ATCCGAATTA 


TGGCTACACC 


AGCTTCGATT 


1140 


CGTTCGGATG 


GGCTTTCCTG 


TCCGCCTTCC 


GGCTGATGAC 


ACAGG ACTTC 


TGGGAGGATC 


1200 


TGTACCAGCT 


GGTGTTGCGC 


GCCGCCGGAC 


CATGGCACAT 


GCTGTTCTTT 


ATAGTCATCA 


1260 


TCTTCCTAGG 


TTCATTCTAT 


CTTGTGAATT 


TGATTTTGGC 


CATTGTTGCC 


ATGTCGTATG 


1320 


ACGAATTGCA 


AAGGAAGGCC 


GAAGAAGAAG 


AGGCTGCCGA 


AGAGGAGGCG 


ATACGTGAAG 


1380 


CGGAAGAAGC 


TGCCGCCGCC 


AAAGCGG CCA 


AGCTGGAGGA 


GCGGGCCAAT 


GCGCAGGCTC 


1440 


AGGCAGCAGC 


GGATGCGGCT 


GCCGCCGAAG 


AGGCTGCACT 


GCATCCGGAA 


ATGGCCAAGA 


1500 


GTCCGACGTA 


TTCTTGCATC 


AGCTATGAGC 


TATTTGTTGG 


CGGCGAGAAG 


GGCAACGATG 


1560 


i^Il RPT\ % 

ALAALAACAA 


AGAGAAGATG 


TCCATTCGGA 


GCGTCGAGGT 


GGAGTCGGAG 


TCGGTGAGCG 


1620 


X 1 A\l AC AAAG 


ACAACCAGCA 


CCTACCACAG 


CACACCAAGC 


T AC C AAAGTT 


CGTAAAGTGA 


1680 


GCACGACATC 


CTTATCCTTA 


CCTGGTTCAC 


CGTTTAACAT 


ACGCAGGGGA 


TCACGTAGTT 


1740 


CTCACAAGTA 


CACGATACGG 


AACGGACGTG 


GCCGCTTTGG 


TATACCCGGT 


AGCGATCGTA 


1800 


AGCCATTGGT 


ATTGTCAACA 


TATCAGGATG 


CCCAGCAGCA 


CTTGCCCTAT 


GCCGACGACT 


1860 


CGAATGCCGT 


CACCCCGATG 


TCCGAAGAGA 


ATGGGGC C AT 


CATAGTGCCC 


GTGTAC TATG 


1920 


GCAATCTAGG 


CTCCCGACAC 


TCATCGTATA 


CCTCGCATCA 


GTCCCGAATA 


TCGTATACCT 


1930 


CACATGGCGA 


TCT ACTCGG C 


GGCATGGCCG 


TCATGGGCGT 


CAGCACAATG 


ACCAAGGAGA 


2040 


GCAAATTGCG 


CAACCGCAAC . 


ACACGCAATC 


AATC AGTGGG 


CGCCACCAAT - 


GGCGGCACCA 


2100 


CCTGTCTGGA 


CACCAATCAC . 


AAGCTCGATC . 


ATCGCGACTA < 


CGAAATTGGC 


CTGGAGTGCA 


2160 
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CGGACGAAGC AAACATCATG ACAA^ ™™ G TC CAGACAC . 

AAACGGTGGT TGATATGAAA GATGTGATGG TCCTGAATGA CATCA^GAA CAG=CCGG TC ■ 
^GGCACAG TGGGGCAAGC GATCGGGG^ »«™ "A^GCA ACAGAGGAGG 
A TC ACGAGGA ^COACC TTCAAAGACA AGGCAC^GA AG^TCC- AAAGGCA^ 
ATGTGTTTIC TGTCIGGGAC TGTTGCTGGG TTTGCTTGAA ATTTCAGGAG TGGGTATCGC 
KWnCTT CGATCCCTTC GTCGAGCTCT ^ATCACGCT GTGCATTOTG GTCAACAGGA 
AATGGATCAC CACGATATGA ACAAGGAGA, GGAACGCG^ CTCAAGAGTG 
GCAACTA^ CTTCACCGCC ACC^CA TCGAGGCCAC CA^AAGGTA ATGGCCATGA 
ZcAA^A C^CAG GAGGGC^GA ACA^GGA 
CCG^A ACTGGGACTC GA^C AGGG KTCTC CGTATTGCGT 
VX^n* ATTCAAACTG GCCAAGTCTT GGCCCACAC, TAATTTACTC ATTTCGATTA 
„AC CA-GGCG- TTGGGTAATC TGACA^ AC^ ««« 
TCTTTGCGGT GATGGGAATG CAAC^G GAAAGAATTA ^GATCAC AAGGACCGCT 
TTCCGGATGG CGAGC^CCG CGC^GAAC. ^CCGACT T A TC CAGAGC ^A^CG 
TCnCCGGGT GCTCTGCGGA GAATGGATCG AG^CA^ GGACTGCATG TACGTSGGCG 
ATGTCTCGTG CA^CC ^CA CCG^A. CGGCAA^ ™™ 
ACCTmOT AGCCTTGCTT ««C«*» — ~ TAGCTTATCA G^CCGA^G 
CCGATAACGA TACGAATAAA ATAGCCGAGG CCT^G AATTGGCCGA TTTAAAAGTT 
« TAATATTGCT GATTGTTTCA AGTTAATACG .AAGAAA^ AGAAA-AAA 
T AAG TC A^A ACCATCAGGT GAGAGGACCA ACCAGA^AG TIGGATTTGG AGCGAAGAGC 
A^ACAA CGAACTGGAG C.GGCCACG AGGAGA TCCT CGCCGACGGC ^ 
AGGGGATCAA GGAGCAGACG CAACGGAGG ^GCCA^ GGA TC GGA TC GAA^AGGA 

„ &ACAAGCCGA AGAAATCCAA ATATCTAAAT AACGCAACGA 
TACACGGCGA CATGAAGAAC AACAAGCCGA A „„„„.„. 
™ CAA CTCAA.TAAC CACCAAGACA ATAGAC.GGA ACACIA AACCATAGAC 
TGATTGGCAA GCA ^cTC ATATGGTAGC CATAAGAATC 

gtttgtcctt acaggacgac gacac^cca gcattaactc 

, r ACAAGGGCA GCGCCGAGAC GATGGAGGGC GAGGAGAAGC 
GACCATTCAA GGACGAGAGC CACAAGGGCA 

„ TTAGGTCTCG ACGAGGAACT GGACGAGGAG GGCGAATGCG 
GCGACGCCAG CAAGGAGGAT TTAGGTCTCG AC 

rv-r GATATCATTA TTCATGCACA CGACGAGGAT ATACTCGATG 
AGGAGGGCCC GCTCGACGGT GATATC AT I A 
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AATATCCAGC 


TGATTGCTGC 


CCCGATTCGT 


1 AC TATAAG AA 


ATTTCCGATC 


TTAGCCGGTG 


3900 


ACGATGACTC 


GCCGTTCTGG 


CAAGGATGGG 


GCAATTTACG 


ACTGAAAACT 


1 TTTCAATTAA 


3960 


TTGAAAATAA 


ATATTTTGAA 


ACAGCTGTTA 


TCACTATGAT 


TTTAATGAGT 


AGCTTAGCTT 


4020 


TGGCATTAGA 


AGATGTACAT 


CTGCCACAAA 


GACCCATACT 


GCAGGATATT 


TTATACTATA 


4080 


TGGACAGAAT 


ATTTACGGTT 


ATATTCTTCT 


TGGAAATGTT 


AATCAAGTGG 


TTGG CGCTCG 


4140 


GCTTCAAAGT 


GTACTTCACC 


AACGCGTGGT 


GTTGGCTCGA 


TTTCGTGATT 


GTC ATGGTAT 


4200 


CGCTTATCAA 


CTTCGTTGCT 


TCACTTGTTG 


GAGCTGGTGG 


TATTCAAGCC 


TTCAAGACTA 


4260 


TGCGAACGTT 


AAGAGCACTG 


AGACCACTAC 


GTGCCATGTC 


CCGTATGCAG 


GGCATGAGGG 


4320 


TCGTCGTTAA 


TGCG CTGGTA 


CAAGCTATAC 


CGTCCATCTT 


CAATGTGCTA 


TTGGTGTGTC 


4380 


TAATATTTTG 


GCTAATTTTT 


GCCATAATGG 


GTGTACAGCT 


TTTTGCTGGA 


AAATATTTTA 


4440 


AGTGCGAGGA 


CATGAATGGC 


ACGAAGCTCA 


GCCACGAGAT 


CATACCAAAT 


CGCAATGCCT 


4500 


GCGAGAGCGA 


GAACTACACG 


TGGGTGAATT 


CAGCAATGAA 


TTTCGATCAT 


GTAGGTAACG 


4560 


CGTATCTGTG 


CCTTTTCCAA 


GTGGCCACCT 


TCAAAGGCTG 


G ATA C AAATC 


ATGAACGATG 


4620 


CTATCGATTC 


ACGAGAGGTG 


GACAAGCAAC 


CAATTCGTGA 


AACGAACATC 


TACATGTATT 


4680 


TATATTTCGT 


ATTCTTCATC 


ATATTTGGAT 


CCTTTTTCAC 


ACTCAATCTG 


TTCATTGGTG 


4740 


TTATCATTGA 


TAATTTTAAT 


GAGCAAAAGA 


AAAAAGCAGG 


TGGATCATTA 


GAAATGTTCA 


4800 


TGACAGAAGA 


TCAGAAAAAG 


TACTATAATG 


CTATGAAAAA 


GATGGGCTCT 


AAAAAACCAT 


4860 


TAAAAGCCAT 


TCCAAGACCA 


AGGTGGCGAC 


CACAAGCAAT 


AGTCTTTGAA 


ATAGTAACCG 


4920 


ATAAGAAATT 


CGATATAATC 


ATTATGTTAT 


TCATTGGTCT 


GAACATGTTC 


ACCATGACCC 


4980 


TCGATCGTTA 


CGATGCGTCG 


GACACGTATA 


ACGCGGTCCT 


AGACTATCTC 


AATGCGATAT 


5040 


TCGTAGTTAT 


TTTCAGTTCC 


GAATGTCTAT 


TAAAAATATT 


CGCTTTACGA 


TATCACTATT 


5100 


TTATTGAGCC 


ATGGAATTTA 


TTTG ATG TAG 


TAGTTGTCAT 


TTTATCCATC 


TTAGGTCTTG 


5160 


TACTTAGCGA 


TATTATCGAG 


AAGTAC TTCG 


TGTCGCCGAC 


CCTGCTCCGA 


GTGGTGCGTG 


5220 


TGGCGAAAGT 


GGGCCGTGTC 


CTTCGACTGG 


TGAAGGGAGC 


CAAGGGCATT 


CGGACACTGC 


5280 


TCTTCGCGTT 


GGCCATGTCG 


CTGCCGGCCC 


TGTTCAACAT 


CTGCCTGCTG 


CTGTTCCTGG 


5340 


TCATGTTCAT 


CTTTGCCATT 


TTCGGC ATGT 


CGTTCTTCAT 


GCACGTGAAG 


GAGAAGAGCG 


5400 


GCATTAACGA 


CGTCTACAAC 1 


TTCAAGACCT 


TTGGCCAGAG 


CATGATCCTG 


CTCTTTCAGA 


5460 


TGTCGACGTC 


AGCCGGTTGG i 


GATGGTGTAC 


TGGACGCCAT ' 


TATCAATGAG < 


GAAGCATGCG 


5520 
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ATCCACCCGA C AGCG AC AAA 
CGTTTCTCCT CTC AT AC CTA 
TCATTCTCGA GAACTATAGT 
ACTACGACAT GTACTATGAG 
GCTATGATCA GCTGTCCGAA 
CGAACAAGTA CAAGATCATA 
GCGTCGACAT CCTCGACGCC 
AGGAGACGGG TGAGATTGGT 
TCTCATCAAC GCTGTGGCGT 
GGCGAAAGCA CAAGGCGCGC 
GCGATGGCGG TGATCCGGAT 
CGCCCGCTGG TGGAGATGGT 
AGAGTAATGT AAATAGTCCG 
CGGCGGCGGC GGGCACGACG 
CCGCCGTTCT CGTGGAGAGC 
ACTCGCGATC GCCGAGCATC 
CCCTCCAAGA TGCACGCGAG 



GGCTATCCGG GCAATTGTGG 
GTTATAAGCT TTTTGATAGT 
CAGGCCACCG AGGACGTGCA 
ATCTGGC AGC AATTCGATCC 
TTCCTGGACG TACTGGAGCC 
TCGATGGACA TACCCATCTG 
CTTACGAAAG ACTTCTTTGC 
GAGATAGCGG CCCGCCCGGA 
CAGCGTGAGG AGTACTGCGC 
GGCGAGGGAG GTGGGTCCTT 
GCCGGGGACC CGGCGCCCGA 
AGTGTTAACG GT ACTGC AG A 
GGTGAGGATG CAGCGGCGGC 
ACGGCGGGAA GTCC CGG AGC 
GACGGGTTCG TGACGAAGAA 
ACGTCGCGCA CGGCGGATGT 
TATTAGCTCT AGA 



TTCAGCGACC 
TATTAATATG 
AGAGGGTCTA 
GGAGGGCACC 
CCCGCTGCAG 
TCGCGGTGAC 
GCGGAAGGGC 
TACGGAGGGC 
CCGGCTAATC 
TGAGCCGGAT 
TGAAGCAACG 
AGGAGCTGCC 
GGC AGC AGC A 
GGGTAGCGCC 
GGGCCACAAG 
CTGAGCCAGG 



GTTGGAATAA 
TACATTGCTG 
ACCGACGACG 
CAGTACATAC 
ATCCACAAAC 
CTC ATGT ACT 
AATCCGATAG 
TACGAGCCCG 
CAGCACGCCT 
ACGGATCATG 
GACGGCGATG 
GATGCCGATG 
GCAGCAGCAG 
GGGCGACAGA 
GTGGTCATCC 
CCTCGCCCCC 



5580 

5640 

5700 

5760 

5820 

5880 

5940 

6000 

6060 

6120 

6180 

6240 

6300 

6360 

6420 

6480 

6513 
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WHAT IS CLAIMED IS: 

1 A monospecific antibody immunologically reactive 
with a voltage-activated cation channel. 

5 

2. The antibody of Claim 1, wherein the antibody 
blocks activity of the voltage-activated cation channel. 

3. A method of identifying compounds that modulate 
10 voltage-activated cation channel activity, comprising combining a 

modulator of voltage-activated cation channel activity with a cell 
expressing a recombinant voltage-activated cation channel protein, and 
measuring an effect of the modulator on the channel. 

15 4 - The method of Claim 3 , wherein the effect of the 

modulator on the channel is inhibiting or enhancing binding of voltage- 
activated cation channel ligands. 

5. The method of Claim 3, wherein the effect of the 
20 modulator on the channel is inhibition or enhancement of cation flux 
mediated by voltage-activated cation channels. 



25 



6. The method of Claim 5, wherein the cation flux is 
membrane sodium flux. 

7. A compound active in the method of Claim 3, 
wherein said compound is a modulator of a voltage-activated cation 
channel. 



30 



8. A compound active in the method of Claim 3, 
wherein said compound is an agonist or antagonist of a voltage-activated 
cation channel. 
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9 A compound active in the method of Claim 3, 
wherein said compound is a modulator of expression of a voltage- 
activated cation channel. 

10 A pharmaceutical composition comprising a 
compound active in the method of Claim 3, wherein said compound is a 
modulator of voltage-activated cation channel activity. 

1 1 A method of treating a patient in need of such 
treatment for a condition which is mediated by a voltage-activated 
treatmeni ior^ _ ^^ictration of a voltage-activated cation 
cation channel, composing administration oi a v ° ll *& 

channel modulating compound active in the method of Claun 3, 

12 A method of treating a patient in need of such 

5 treatment for a condition which is mediated by a voltage-activated 
5 treatment tor rize d by infection or infestation with an 

cation channel and is characterized oy vo ltage-activated 
invertebrate organism, comprising administration ot * ™™« 3 
cation channel modulating compound active in the method of Claim 3. 

, Q 13 . The method of Claim 12 wherein said patient is a 

domestic animal or livestock. 

14 An agricultural composition comprising a compound 
active in the method of Claim 3, wherein said compound is a modulator 

25 of voltage-activated cation channel activity. 

15 A method of treating an insect infestation of crops or 

• • o^iniQtration of an agricultural composition 
forestry stock, comprising administration oi an g 

of claim 14. 

30 1 6. The method of Claim 1 5 wherein said insects are 

arthropods. 
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17. A DNA molecule characterized by the nucleotide 
sequence as set forth in SEQ ID NO:7. 

18 An expression vector containing the DNA molecule 

5 of Claim 17. 

19. A recombinant host cell containing the expression 
vector of Claim 18. 
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